Purinergic receptors mediate cell proliferation and enhanced recovery from renal ischemia by adenosine triphosphate.
Kidney dysfunction after ischemia can be improved by either limiting the initial injury or by enhancing the subsequent proliferative repair process. Adenosine triphosphate (ATP) favorably affects kidney function when it is given shortly after ischemia. We tested whether ATP promotes the proliferative repair response. Rats were subjected to occlusion of the left renal artery for 40 minutes and received an infusion of ATP, 12.5 micromol intravenously over 30 minutes, beginning at reperfusion. Control animals received saline solution or the hydroxyl radical scavenger dimethylthiourea (DMTU). Despite comparable functional protection by DMTU and ATP, only ATP specifically increased DNA synthesis (renal incorporation of tritiated thymidine) to an extent greater than that produced by ischemia alone. In other animals, ribonucleic acid was extracted from kidneys for Northern analysis. Expression of the proto-oncogenes c-fos and c-jun was enhanced in ATP-treated animals as compared with controls. Expression of a histone protein gene (H2b) and thymidine kinase was increased by ischemia but was not additionally affected by ATP. In vitro studies of primary cultures of renal proximal tubule epithelial cells confirmed the ability of ATP to stimulate cellular proliferation as a consequence of stimulation of purinergic P2 receptors, possibly of the P2x subclass. In summary, ATP given after ischemia increased new DNA synthesis and augmented expression of genes critical to cellular proliferation. These beneficial effects were not merely a consequence of limiting initial cellular damage, and they suggest a novel mechanism of action for ATP and other purinergic receptor agonists in renal ischemia.